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(57)Abstract 

PURPOSE: To rapidly vary an air-fuel ratio of an engine with high 
responsiveness without generating any large torque shock. 
CONSTITUTION: A closing timing of an intake valve 15 is varied by 
a valve timing varying means 20. A target air-fuel ratio becomes 
larger than a theoretical air-fuel ratio in a low load range, by an ECU 
40, and then the air-fuel ratio of an engine is controlled as the 
target air-fuel ratio becomes an air-fuel ratio less than the 
theoretical air-fuel ratio in a high load range. In addition, an intake 
air quantity is decreased at the time of transferring from the low 
load range to the high load range, by increasing delay angle from the 
piston bottom dead point of an intake valve closing timing, and the 
intake air quantity is increased by decreasing the delay angle from 
the piston bottom dead point of the intake valve closing timing at 
the time of transferring from the high load range to the low load 
range so as to control operation of the valve timing varying means 
20. 
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INTAKE AIR FLOW CONTROLLER OF AN ENGINE 
(57) Abstract 

Purpose^ To quickly vary an air-fuel ratio of an engine with high responsiveness 
without generating a large torque shock. 

Constitution^ A valve timing variable means 20 varies the closing timing of an air 
intake valve 15. The ECU 40 controls activation of the valve timing variable means 
20 so that the air-fuel ratio of an engine is controlled by having a target air-fuel ratio 
larger than a theoretical air-fuel ratio in a low load range, and by having a target air- 
fuel ratio less than a theoretical air-fuel ratio in a high load range; and also intake air 
flow can be decreased by increasing the delay angle from the piston bottom dead 
center of the air intake valve closing timing at the time of transferring from the low 
load range to the high load range, and an intake air flow can be increased by 
decreasing the delay angle from the piston bottom dead center of the air intake valve 
closing timing at the time of transferring from the high load range to the low load 
range. 
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Scope of Claims 



Claim 1 

An intake air flow controller of an engine in which the actual air-fuel ratio is controlled by making 
an air-fiiel ratio in a preset first operational range in which a target air-fuel ratio is larger than a 
theoretical air-fuel ratio, and by making an air-fuel ratio in a second operational range differing 
from the first operational range in which a target air-fuel ratio is less than a theoretical air-fuel ratio, 
comprising: 

an opening valve timing variable means to vary the opening timing of at least one of air intake 
valves and exhaust valves of an engine; and an opening valve timing control means to activate said 
opening valve timing variable means for decreasing intake air flow at the time of transferring from 
the first operational range to the second operational range, and increasing intake air flow at the time 
of transferring from the second operational range to the first operational range. 

Claim 2 

The intake air flow controller of an engine according to claim 1, wherein the opening valve variable 
means is to vary the closing timing of the air intake valve, and the opening valve control means 
activates the opening valve timing variable means to close the air intake valve at a timing by 
decreasing the intake air flow at the time of transferring the first operational range to the second 
operational range, and increasing the intake air flow at the time of transferring from the second 
operational range to the first operational range. 

Claim 3 

The intake air flow controller of an engine according to claim 2 further comprises a supercharger, 
wherein the opening valve timing control means is constructed so that the opening valve timing 
variable means can be activated to maintain a disparity angle at a time of closing the air intake valve 
from the piston bottom dead center in the second operational range that is larger than the disparity 



angle at a time of closing the air intake valve from the piston bottom dead center in the first 
operational range while the first operational range is the low load range in which engine load is less 
than constant, and the second operational range is the high load range in which engine load is higher 
than the first operational range. 

Claim4 

The intake air flow controller of an engine according to claim 3, wherein the opening valve timing 
control means activates the opening valve timing variable means so as to increase the delay angle at 
the time of closing the air intake valve from the piston bottom dead center at the time of transferring 
from the first operational range to the second operational range, and decrease the delay angle at the 
time of closing the air intake valve from the piston bottom dead center at the time of transferring 
from the,second operational range to the first operational range. 

Claim5 

The intake air flow controller of an engine according to any of claims 1 through 4, wherein a target 
air-fuel ratio in the first operational range is higher than the air-fuel ratio in which the nitrogen oxide 
level in the exhaust gas is at the maximum. 

Detailed Description of the Invention 

0001 

Industrial Applications 

The present invention relates to a device to control intake air flow in an engine in which the 
air-fuel ratio is controlled according to the state of operation. 

0002 
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Prior Art 



Reduction of the nitrogen oxide levels (NOx) in engine exhaust gas has been a major 
challenge in recent years, and it is commonly known that there is a relationship, as shown in FIG. 6, 
between the NOx level and the actual air-fuel ratio A/F. According to this relationship, because the 
NOx level reaches a peak when the air-fuel ratio A/F is at a constant value (about 16), the operation 
should be controlled by avoiding the above air-fiiel ratio as much as possible in order to reduce the 
NOx level. For instance, an increase in NOx level is avoidable by trying to avoid using an air-fiiel 
ratio near A/F = 16 for not even a moment by dropping the air-fuel ratio A/F from point A to point 
B at once and not dropping gradually when transferring a fuel lean combustion state (point A) to a 
fuel rich combustion state (point B) in accordance with the varying state of operation of the engine. 
Conversely, the air-fuel ratio A/F may be lean at once when transferring from point B to point A. 

0003 

Adjusting the intake air flow has been common as the means to control the air-fiiel ratio; 
however, there are some disadvantages to generating delay in varying air flow in order to increase 
or decrease the air-fuel ratio instantly in the above manner, and this causes a time lag between the 
air-fiiel ratio and ignition timing and this leads to a large torque shock. 

0004 

Accordingly, Japanese Laid-Open Patent Publication H04-265437 has proposed a device to 
increase the actual air-fiiel ratio instantly by increasing intake air flow through opening the bypass 
passage of the throttle valve when the target air-fuel ratio is switched to the lean side. 

0005 

Problems Overcome by the Invention 
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The bypass and the air intake passage from the bypass passage to the combustion chamber 
of each cylinder in the above Japanese Laid-Open Patent Publication are comparatively long and 
have a large volume. Subsequently, there is considerable response delay from the time of initiating 
an open/close switch of the bypass passage until actual intake air flow is increased, and there is a 
difficulty in controlling the air-fuel ratio at the appropriate timing, plus there is the trouble in which 
the change of air-fuel ratio in this response delay time becomes sluggish and an air-fuel ratio having 
a high NOx level passes through. This disadvantage is generated in the same manner even when the 
intake air flow is increased or decreased by the temperature adjustment of the throttle valve. 

0006 

The object of the present invention, giving consideration to such circumstances, is to 
provide an intake air flow controller of an engine that enables the actual air-fuel ratio to quickly 
vary with high response while avoiding torque shock due to an abrupt change in the amount of fuel 
consumption. 

0007 

Problem Resolution Means 

In order to resolve the challenge described above, the present invention of an engine in 
which the actual air-fuel ratio is controlled by making the air-fuel ratio in a preset first operational 
range in which a target air-fuel ratio is larger than a theoretical air-fuel ratio, and by making an air- 
fuel ratio in a second operational range differing from the first operational range in which a target 
air-fuel ratio is less than a theoretical air-fuel ratio, comprises an opening valve timing variable 
means to vary the opening timing of at least one of air intake valves and exhaust valves of the 
engine; and an opening valve timing control means to activate the opening valve timing variable 
means for decreasing intake air flow at the time of transferring from the first operational range to the 
second operational range, and increasing intake air flow at the time of the transferring from the 
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second operational range to the first operational range (claim 1). 
0008 

More specifically, the opening valve variable means is to vary a closing timing of the air 
intake valve, and preferably, the opening valve control means activates the opening valve timing 
variable means to close the air intake valve at a timing by decreasing the intake air flow at the time 
of transferring the first operational range to the second operational range, and increase the intake air 
flow at the time of transferring from the second operational range to the first operational range 
(claim 2). 

0009 

A supercharger is further provided, wherein an excellent efficacy as described hereinafter 
can be obtained by constructing the opening valve timing control means so that the opening valve 
timing variable mans can be activated to maintain a disparity angle at a time of closing the air intake 
valve from the piston bottom dead center in the second operational range to be larger than the 
disparity angle at a time of closing the air intake valve from the piston bottom dead center in the 
first operational range while the first operational range is in a low load range in which engine load is 
less than constant, and the second operational range is in the high load range in which engine load is 
higher than the first operational range (claim 3). 

0010 

Here, preferably, the opening valve timing control means activates the opening valve timing 
variable means so as to increase the delay angle at the time of closing the air intake valve from the 
piston bottom dead center at the time of transferring from the first operational range to the second 
operational range, and decrease the delay angle at a time of closing the air intake valve from the 
piston bottom dead center at the time of transferring from the second operational range to the first 
operational range (claim 4). 
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0011 



Each device described above is particularly effective when a target air-fuel ratio in the first 
operational range is higher than the air-fuel ratio in which the nitrogen oxide level in exhaust gas are 
at the maximum (claim 5). 

0012 

Operation 

According to the above device, the air-fuel ratio is possible to be switched instantly by 
decreasing the intake air flow at the time of transferring from the first operational range to the 
second operational range, and increasing the intake air flow at the time of transferring from the 
second operational range to the first operational range. In other words, intake air flow and the air- 
fuel ratio can be varied instantly, and the control response can be significantly improved in 
comparison to controlling the intake air flow by opening or closing the throttle valve apart from the 
combustion chamber and its bypass passage because the increasing or decreasing of intake air flow 
is performed by controlling the opening valve timing of the air intake valve and the exhaust valve 
which opens or closes the combustion chamber. 

0013 

More specifically, intake air flow is increased rapidly by varying of the air intake valve 
closing timing in a device described in Claim 2. 

0014 

In a device described in Claim 3, a low air-fuel ratio can be secured in the high load range 
that is the second operational range, by maintaining at all times a disparity angle at the time of 
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closing the air intake valve from the piston bottom dead center that is larger than the disparity angle 
at the time of closing of the air intake valve from the piston bottom dead center in the low load 
range that is the first operational range. Further, the output torque that is necessary at the time of 
high load is secured by supercharging by a supercharger while the intake air flow is suppressed in 
such manner. 

0015 

In a device described in Claim 4, a delay angle at the time of closing the air intake valve 
when transferring from the first operation to the second operational range is designed to be 
increased, so the decreasing level of intake air flow caused by a delay in closing the air intake valve 
is lowered as increasing the engine revolutions, and a favorable high-speed performance can be 
assured. 

0016 

In a device described in Claim 5, the increasing of nitrogen oxide level can be suppressed 
effectively by switching the air-fuel ratio instantly as described above when transferring between 
the first operational range in which a target air-fuel ratio is higher than the air-fuel ratio where the 
nitrogen oxide level in exhaust gas is at the maximum, and the second operational range in which a 
target air-fuel ratio is less than a theoretical air-fuel ratio (in other words, less than the air-fiiel ratio 
where the nitrogen oxide level in exhaust gas is at the maximum). 

Embodiment 

0017 

A preferred embodiment of the present invention is explained hereafter with reference to the 
drawings. In addition, a V-type engine is shown in FIG. 1; however, the present invention has no 
distinction of the types of engine that can be a subject of the intake air flow control. 
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0018 



In FIG. 1, a base engine 1 comprises a pair of banks la and lb, and a plurality of cylinders 2 
is provided respectively in each bank la and lb. 

0019 

A mechanical supercharger 5 is provided in an air intake passage 3, and this supercharger is 
connected to the engine output axis through the transmission mechanism such as a belt 6 or the like. 
In the air intake passage 3, an air cleaner 7, an air flow meter 8, a throttle valve 9, or the like are 
arranged at the upstream side of the supercharger 5, and an intercooler 10 is provided at the 
downstream side of the supercharger 5. 

0020 

The air intake passage 3 is forked to be a first air intake passage 1 1 and a second air intake 
passage 12 at the downstream side of the intercooler 10, and these are further divided into an 
independent air intake passage 13 respectively further downstream. An independent air intake 
passage 13 divided from the first air intake passage 1 1 is connected to each cylinder respectively of 
the bank la, and an independent air intake passage 13 divided from the second air intake passage 12 
is connected to each cylinder of the bank lb side respectively. The downstream end of each of 
independent air intake passages 13 is an air intake port 14 to open to the combustion chamber of 
each cylinder 2, and two air intake ports 14 are provided respectively regarding each cylinder 2 in 
the drawing. Further, an injector (not illustrated) to inject fuel toward the air intake port 14 is 
provided in each independent air intake passage 13. 

0021 

The air intake ports 14 are opened and closed by the air intake valves 15 respectively, and 
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each air intake valve 15 is driven by a valve operating device. A valve timing variable means 
(opening valve timing variable means) 20 to vary the air intake valve closing timing is provided at 
the valve operating device. 

0022 

The valve timing variable means 20 shown in the present embodiment comprises the cams 
21 and 22 having two different types of cam profiles shown in FIG. 2, and which changes the air 
intake valve lifting property. More specifically, the cam 2 1 for the low load to give the first air 
intake valve lifting property which opens the valve at just before the piston top dead center (TDC) 
and closes the valve right after the piston bottom dead center (BDC) as shown with a solid line 51 in 
FIG. 3, and the cam 22 for the high load to give the second air intake valve lifting property where 
the opening valve timing is the same with the first air intake valve lifting property and the closing 
valve timing is delayed that is later than the first air intake valve lifting property as shown with a 
solid line 5 1 in the same drawing, are provided in a cam shaft 23. A switching mechanism is 
constructed to switch the air intake valve 15 between the state driven by the low load cam 21 and 
the state driven by the high load cam 22 by the rocker arms 24 and 25 which correspond to the cams 
21 and 22 respectively, and a connecting member or the like, not illustrated, to performs the 
connection or separation. 

0023 

The switching mechanism is operated by switching the state of the hydraulic pressure supply 
by the hydraulic circuit. This hydraulic pressure supply switch is performed by an electromagnetic 
valve 26 shown in FIG. 1, and the switch control of this electromagnetic valve 26 is performed by 
ECU (the control unit; the opening valve timing control means) 40 consisting of a microcomputer or 
the like. This ECU 40 is constructed to receive the intake air flow detecting signal output by the air 
flow meter 8, the engine speed detecting signal output by the engine speed sensor 41, the throttle 
opening level detecting signal output by the throttle opening sensor 42, or the like, and the engine 
operational state is analyzed based on these signals, and then, the control signal is output to the 
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electromagnetic valve 26 based on the result. 
0024 

More specifically, this ECU 30 performs the following control operations: 

A) To control the fuel injection amount by an injector, not illustrated, so as to bring the actual air- 
fuel ratio closer to the target air-fuel ratio while the control signal is output to the electromagnetic 
valve 26 to select the valve operating state by the low load cam 21, and the target air-fiiel ratio is 
larger than the theoretical air-fuel ratio (in other words, the air-fiiel ratio in which the air excess ratio 
X exceeds 1) in the low load range in which the engine load is less than constant as shown in FIG. 3. 

B) To control the fuel injection level by the injector, not illustrated, so as to bring the actual air-fiiel 
ratio closer to the target air-fuel ratio while the control signal is output to the electromagnetic valve 
26 to select the valve operating state by the high load cam 22, and the target air-fuel ratio is less than 
the theoretical air-fuel ratio (in other words, the air-fuel ratio in which the air excess ratio A, is 1 or 
less) in the high load range in which the engine load is higher than the low load range. 

0025 

Here, the target air-fiiel ratio in the low load range is set to a sufficiently higher air-fiiel ratio 
than the air-fiiel ratio in which the NOx level is at the maximum in the exhaust gas (about 16 in the 
example given above in FIG. 6: hereinafter referred to as the NOx maximum air-fuel ratio). 

0026 

In contrast, an exhaust port, not illustrated, is opened in the combustion chamber of each 
cylinder 2, and each exhaust port is connected to an exhaust air passage 28 through the exhaust 
manifold, not illustrated, and a three-way catalyst 30 for exhaust gas purification is provided at mid- 
way through the exhaust air passage 28. 

0027 
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The operation of this device is explained hereinafter. 

0028 

First, when the current operational status is, for instance, at the A point in the low load 
range, the driven state by the low load cam 21 is selected, in other words, the state where the air 
intake valve 15 is opened right before the TDC and the air intake valve 15 is closed right after the 
BDC, is selected (the solid line 51 in FIG. 4). The actual intake air flow in such valve operation 
state is detected by the air flow meter 8, and the fuel injection control is performed by the ECU 40 
so as to bring the actual air-fuel ratio close to the target air-fuel ratio that is larger than the 
theoretical air-fuel ratio based on the detected intake air level. Because the target air-fuel ratio is set 
to a sufficiently higher air-fuel ratio than the NOx maximum air-fuel ratio here, the NOx generation 
can be suppressed by such air-fiiel ratio control. 

0029 

Next, when an engine operation state transfers from the A point (FIG. 3) to, for instance, the 
B point in the high load range, the driven state by the high load cam 22 that is the closing timing of 
the air intake valve 15 is switched to a further delayed state (the solid line 51 in FIG. 3). The 
ultimate intake air flow is sharply decreased by splitting a portion of the air that is taken into the 
combustion chamber to the air intake port 14 side by a delayed closing of the air intake valve 15. 
By so doing, the air-fuel ratio is also changed instandy. Subsequently, the actual intake air flow is 
detected by the air flow meter 8, and the fuel injection control is executed by the ECU 40 to bring 
the actual air-fuel ratio closer to the target air-fuel ratio that is smaller than the theoretical air-fiiel 
ratio based on the detected intake air flow. 

0030 

The target air-fiiel ratio here is less than the theoretical air-fiiel ratio, and accordingly, the 
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efficient purification is achieved by the three-way catalyst 30, and the suppression effect of the NOx 
can be maintained in both times of air-fuel ratio switch timing and after the switch due to the instant 
decreasing of the actual air-fuel ratio to near the theoretical air-fuel ratio as well (in other words, a 
change is made by skipping over the NOx maximum air-fuel ratio). 

0031 

In addition, contrary to this, when the engine operation state transfers from the high load 
range to the low load range, the valve operation state of the air intake valve 15 is switched back to a 
driven state by the low load cam 21, and this sharply increases the intake air flow. By so doing, the 
actual air-fuel ratio is increased swiftly, and enables getting closer to the target air-fuel ratio in the 
low load range. 

0032 

As stated above, this device is constructed to sharply increase or decrease the intake air flow 
by varying the closing timing of the air intake valve 15 at the time of transferring from the low load 
range to the high load range, or from high load range to the low load range, so the air-fuel ratio can 
be increased or decreased instantly. Therefore, switching the operational state can be performed 
while the NOx generation is suppressed sufficiently without generating a large torque shock. 
Further, because increasing and decreasing of the intake air flow is performed by varying the close 
timing of the air intake valve 15 which is extremely close to the combustion chamber, a 
significantly higher response can be obtained over varying the intake air flow by opening or closing 
the bypass passage of the throttle valve 9 or varying the opening of the throttle valve 9 apart from 
the combustion chamber. 

0033 

Further, the output torque that is necessary at the time of high load can be secured through 
supercharging by the supercharger 5 while preceding the delay of the air intake valve closing timing 
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after transferring to the high load range. In addition, there is no distinction in type regarding the 
supercharger 5, and a turbo supercharger may be used. 

0034 

The present invention is not limited to the above embodiment, and the following 
Embodiments are also possible as examples. 

0035 

(1) Intake air flow is sharply decreased by increasing the delay angle in the high load 
range more than the low load range with the low load range as the normal timing (the timing shown 
with the solid line 51 in FIG. 4) in the above preferred embodiment; conversely, intake air flow is 
also possible to be sharply decreased by advancing the air intake valve closing timing in the high 
load range earlier than the low load range, for instance, by advancing from the piston bottom dead 
center (namely, early closing). However, the extent of decrease in the intake air flow is lowered by 
the delay in the air intake valve closing timing with an increase in the engine revolution speed by 
controlling to increase the delay angle in the high load range as shown in the above embodiment, so 
a favorable high speed performance can be ensured while having a so-called delayed closing of the 
air intake valve 15. 

0036 

(2) The present invention requires that the air intake air flow is increased or deceased by 
varying the opening valve timing; for instance, the intake air flow can be sharply decreased by 
having the air intake valve in the second air intake port in the low load range to be in the normally 
closed state by the valve suspension mechanism, and opening the second air intake port also by 
releasing the valve suspension by the valve suspension mechanism at the time of transferring from 
the low load range to the high load range so that the same affect with the delay closing can be 
obtained while the first intake port and the second intake port are opened in the combustion 
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chamber, and the opening valve property of air intake valve in the first air intake port of the air 
intake valve is the normal property as shown in FIG. 5 with the solid line 61, and the opening valve 
property of the air intake valve in the second air intake port is the property to delay a phase from the 
normal property as shown with the dashed line 62 in the same drawing. In addition, the engine 
output can be increased by bringing the opening valve property (the dashed line 62 in FIG. 5) in the 
second air intake port by the valve timing variable mechanism closer to the normal property (the 
solid line 61 in the same drawing) gradually after transferring to the high load range. Here, a widely 
known mechanism to vary revolution phase of the cam shaft to the cam pulley may be applicable. 

0037 

(3) Intake air flow control is performed by varying the opening valve timing of the air 
intake valve 15 in the above embodiment; however, intake air flow control is also possible in the 
same manner by the air intake blowing amount and the residual gas level by means of varying the 
opening valve timing of the exhaust air valve to open and close the exhaust port. 

0038 

(4) The above embodiment shows that the operational range is divided into two based 
on the engine load; however, the present invention is not limited to this, but widely applicable to the 
engines that control by having the target air-fuel ratio in the preset first operational range to be 
higher than theoretical air-fuel ratio, and the target air-fuel ratio in the second operational range that 
is different from above to be lower than the theoretical air-fuel ratio. 

0039 

Effect of the Invention 

The present invention as stated above has the effect to enable change in the actual air-fiiel 
ratio instantly with a high response without increasing or decreasing the fuel injection level sharply 
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and without generating a large torque shock because intake air flow is decreased at the time of 
transferring from the first operational range in which the target air-fuel ratio is larger than the 
theoretical air-fuel ratio to the second operational range in which the target air-fuel ratio is less than 
the theoretical air-fuel ratio, and intake air flow is increased at the time of transferring from the 
second operational range to the first operational range by varying the opening valve timing of at 
least one of the air intake valve or exhaust valve that is extremely close to the combustion chamber. 

0040 

More specifically, the device according to claim 2 has the effect in which the instant switch 
of intake air flow and air-fuel ratio can be realized by just simply varying the closing timing of the 
air intake valve at the time of transferring between both operational ranges. 

0041 

Further, the device according to claim 3 has the effect for the ability to ensure the output 
torque that is necessary for the high load range by supercharging through the supercharger while the 
intake valve close timing is staggered largely from the piston bottom dead center whereas 
maintaining the low air-fiiel ratio by suppressing the intake air flow by always keeping the disparity 
angle at the time of closing of the air intake valve from the piston bottom dead center in the high 
load range that is the second operational range, to be larger than the disparity angle at the time of 
closing of the air intake valve from the piston bottom dead center in the low load range that is the 
first operational range. 

0042 

The device according to claim 4 particularly has the effect for the ability to ensure a 
favorable acceleration performance by lowering the extent of decrease in the intake air flow caused 
by the air intake valve delayed closing as the engine speed gets faster because the delay angle of the 
air intake valve closing timing is designed to be increased at the time of transferring from the first 
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operational range to the second operational range. 
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Moreover, the device according to claim 5 has the effect for the ability to suppress the 
nitrogen oxide level rising at the time of transferring by switching the air-fuel ratio instantly as 
stated above when transferring between the first operation range in which the target air-fiiel ratio is 
higher than the air-fuel ratio where the nitrogen oxide level in the exhaust gas is at the maximum 
and the second operation range in which the target air-fuel ratio is less than the theoretical air-fuel 
ratio (in other words, less than the air-fuel ratio in which the nitrogen oxide level in the exhaust gas 
is at maximum). 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plane view showing an air intake system of an engine in an embodiment of the 
present invention. 

FIG. 2 is a plane view of a valve timing variable means provided in the above engine. 
FIG. 3 is a graph showing each operation range specified for the air-fiiel ratio control in the 
above engine. 

FIG. 4 is a drawing showing a valve operating property of an air intake valve in the above 

engine. 

FIG. 5 is a drawing showing a modified example of the above valve operating property. 
FIG. 6 is a graph showing the relationship between the air-fuel ratio and the NOx level in 
the exhaust gas. 

Explanation of Referenced Numerals 
1 Base engine 
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Air intake passage 
Supercharger 
Air intake port 
Air intake valve 
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20 Valve timing variable means (Opening valve timing variable means) 
40 ECU (opening valve timing control means) 

FIG. 3 

Engine load [vertical axis] 
Engine speed [horizontal axis] 

B High load range (X < 1) 
A Low load range (k > 1) 

FIG. 6 

NOx level [vertical axis] 
Thick [top] 
Thin [bottom] 

(Rich) [Towards the left of the horizontal axis] 
(Lean) [Towards the right side of the horizontal axis] 
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